Abstract Premenopausal dysfunctional bleeding (PDB) is a common medical problem. Surgery is typically performed after the failure of a medical approach. Surgical options include endometrial ablation techniques or a hysterectomy. The aims of our study are to measure the outcome parameters of firstgeneration endometrial ablations (fgEA) and to identify patient-related prognostic factors. We included all fgEAs performed between September 2001 and December 2011 at the General Hospital of Turnhout, Belgium (n=218). The outcome was defined by the need for a postoperative therapy (group 1-no therapy; group 2-therapy, but no hysterectomy; group 3-hysterectomy). We also rated postoperative amenorrhea and patient satisfaction. The prognostic factors examined were associated dysmenorrhea, a history of cesarean section, preoperative duration of blood loss, age, parity, and a history of tubal ligation sterilization. We used Excel 2011, Version 14.0.0, and Statplus Mac LE 2009 for our statistical analysis. The hysterectomy rate post-fgEA was 10 % (22/ 218). The rate of amenorrhea (defined as cessation of bleeding from 3 months postprocedure until the moment the patient was interviewed) was 76 % (165/218). Ninety-two percent (202/218) of patients were either satisfied or very satisfied with the procedure and outcome. The only significant prognostic factor was the age of the patient at the time of the fgEA (p=0.0004 for mean age at time of fgEA and p=0.0433 for comparison pre-versus perimenopausal age). The outcome of this fgEA technique is often underestimated and can still result in a high amenorrhea and satisfaction rate and low postoperative hysterectomy rate.
Background
Premenopausal dysfunctional bleeding (PDB) is a very common reason for women to consult a general practitioner or gynecologist. Approximately one third of women will be affected by heavy or abnormal uterine bleeding at some point in their lives. While PDB significantly diminishes the quality of life, serious complications are rare [1] .
Causes can be anatomical (uterine fibroids, adenomyosis, endometrial polyps, endometrial carcinoma, uterine vascular malformations, myometrial hypertrophy), systemic (coagulation disorders, hypothyroidism, chronic liver failure, systemic lupus erythematosus), functional (dysfunctional uterine bleeding), or involve a combination of these factors. We can distinguish between a medical and a surgical approach to dealing with PDB [2] .
Medical solutions include the use of levonorgestrel intrauterine systems (LNGIUS), non-steroidal anti-inflammatory drugs (NSAID), antifibrinolytic drugs (tranexamic acid), progesterones, oral contraceptives, and danazol. Surgical approaches involve either a hysterectomy or less invasive endometrial resection/ablation procedures. With regard to the latter, two generations of techniques can be differentiated [3, 4] . First-generation techniques, the gold standard, involve hysteroscopy-dependent endometrial resection/ablation with resectoscopic electrosurgical instruments (rollerball, wire loop, vaporizing electrode) or with laser. Second-generation, nonresectoscopic endometrial ablation is performed with a disposable device, inserted into the uterine cavity, delivering energy to uniformly destroy the endometrial lining. This includes bipolar radiofrequency, hot liquid-filled balloon, cryotherapy, circulating hot water, and microwave techniques. These techniques demand less expertise and can sometimes be performed in an office setting, lowering the price of the procedure.
In general, in the first year after the procedure, surgery reduces menstrual bleeding to a greater extent than medical treatments, but LNGIUS appears to be equally beneficial to improving the quality of life and may control bleeding as effectively as conservative surgery over the long term. Oral medication only suits a minority of patients for a longer period [2] .
When comparing different endometrial ablation generations/techniques, the 2013 Cochrane review of Lethaby et al. concludes that the existing evidence suggests comparable rates of success, satisfaction, and complications [5] . Firstgeneration techniques have the disadvantage of higher risk of complications, such as perforation, water intoxication, and injury of the urogenital tract [6] [7] [8] . Second-generation techniques try to compensate for these weaknesses and have the advantages of being more rapid, safe, and easy to apply [3, [9] [10] [11] .
Although these less invasive techniques have proven effective compared to a hysterectomy, there are still a proportion of patients for whom persisting symptoms necessitate a repeat ablation procedure or hysterectomy after a first ablation [12] [13] [14] . The 2013 Cochrane review of Fergusson and Lethaby states that both procedures are effective and that satisfaction rates are high. The advantage of a hysterectomy is the guarantee of permanent relief from bleeding. Endometrial resection/ablation is cheaper, but total costs are higher in the case of recurrence [15] .
The aim of this retrospective study is to provide an overview of the outcome of first-generation endometrial ablation (fgEA) procedures performed on patients at the General Hospital of Turnhout, Belgium. We also assess possible prognostic patient-related factors, predicting the outcome of the ablation. El-Nashar et al. carried out a comparable study for second-generation endometrial ablation techniques. For a series of 816 patients, they noted an amenorrhea rate of 23 % (defined as cessation of bleeding immediately after ablation until at least 12 months after the procedure). Predictors of amenorrhea were age >45 years, uterine length <9 cm, endometrial thickness <4 mm, and use of radiofrequency ablation instead of thermal balloon ablation [16] .
Methods
The study population consisted of patients undergoing an fgEA between September 2001 and December 2011 at the General Hospital of Turnhout, Belgium. Until 2009, a unipolar loop technique was applied. After that, a bipolar loop mode was used. The procedures in our center were performed by two gynecologists, using the exact analogue method of transcervical resection of the endometrium. A radical resection of the endometrial lining over the total area of the cavity was applied. This was achieved using a technique developed and perfected over many years with resection up to the level of the myometrium over the anterior and posterior wall as well as the fundus, including the area of the ostia and the central part, up to the endocervical canal. Significant bleeding points were also coagulated. The minimum follow-up period was almost 2 years, as data collection started at the end of 2013.
A first inclusion criterion was a preoperative indication of PDB. All postoperative anatomopathological examinations were reviewed and cases of malignancies, myomas, polyps, and atypical hyperplasia were excluded. Postmenopausal patients were excluded as well. The preoperative bleeding patterns were menorrhagia or metrorrhagia, while intermenstrual blood loss was excluded. Patients who used hormonal contraception after the fgEA were excluded, as this could have been a confounding factor for the outcome.
By reviewing the patients' case notes and by contacting all patients by phone, we completed a questionnaire consisting of eight questions (Fig. 1) . The first two questions emphasized on patient satisfaction. The third question estimated the amenorrhea rate. The fourth question determined how long the patient had suffered from PDB, before the procedure was applied. The next question concerned postoperative recurrence of the bleeding disorder. In the case of recurrence, we determined the timing of the associated intervention applied. Question six dealt with the therapeutic options used before the resection procedure and their timing related to the fgEA, while question seven investigated contraceptive methods used since the operation. The last question assessed the obstetric history of the patient. The remaining data was obtained by reviewing the patients' case notes.
Therapeutic options for PDB were defined as hormonal medication (combined estrogen-progesterone or progesterone only, applied in an oral or transdermal way or using ring application), LNGIUS, subdermal contraceptive implant, tranexamic acid, NSAID, hysterectomy, dilatation/curettage, and hysteroscopic ablation. Danazol was not included as it is no longer available in Belgium. Hormonal pretreatment before the fgEA is not a standard practice in our hospital.
Three categories of outcome were determined based on whether patients required additional therapy or not and on the type of intervention needed in case of failure. Group 1 involved patients who did not require therapy after the operation. Group 2 involved patients who required some kind of therapy after the operation, but not a hysterectomy. Group 3 involved patients who required a hysterectomy after primary ablation therapy.
We investigated the following prognostic parameters: dysmenorrhea versus no dysmenorrhea associated with the problem of PDB, a history of cesarean section, the duration of preoperative blood loss, age, and a parous compared to a nulliparous obstetric history. We also compared the outcome between premenopausal and perimenopausal women. Perimenopause was defined based on a minimum age of 47 years [17] . Finally, we emphasized on the influence of a history of tubal ligation sterilization.
Dysmenorrhea was examined because it can be a negative prognostic factor for patients still experiencing pain rather than problematic bleeding after the fgEA, thus necessitating further therapy. Parity could influence the volume of the uterus and, hence, also the operative technique and outcome. Also, in a uterus with a cesarean section scar, radical resection at the level of the anterior uterine isthmus could be limited due to risks of perforation. Amenorrhea was defined as cessation of blood loss from 3 months post-fgEA until the moment the patient was contacted to complete the study questionnaire.
We used Excel 2011, Version 14.0.0, and Statplus Mac LE 2009, analysis of variance, and chi-square analysis for our statistical investigations. For all statistical analyses, a p value cutoff of <0.05 was considered significant.
Findings
A total of 363 patients were retained in the first phase, and eventually, 218 patients were included in our study. Patients were excluded if they did not fit the inclusion criteria (e.g., postoperative malignant pathological analysis, postmenopausal state, intermenstrual bleeding pattern). Table 1 gives an overview of patient characteristics. All percentages are calculated using the same denominator: 218, which is the total number of patients included. The age of included patients at the time of the fgEA ranged from 25 to 55 years. Parity ranged from 0 to 5. Since some people received multiple therapeutic options before the procedure, the absolute sum of pre-fgEA therapeutic approaches is higher than 119. The same applies to post-fgEA therapy. To calculate the mean interval between the fgEA and therapy (before or after), we noted all therapy intervals, divided by the total number of applied therapeutic options. The percentage of women who did not receive any kind of therapy after the fgEA (group 1) was 83 % (182/218). The proportion of women who needed therapy due to recurrence, but no hysterectomy (group 2), was 6 % (14/218). It turns out that the hysterectomy rate (group 3) after the fgEA was 10 % (22/218) of all cases. The amenorrhea rate was 76 % (165/218). Figure 2 depicts an overview of contraception used after the fgEA. None of these options affect blood loss, since hormonal contraception was excluded. Figures 3 and 4 describe patient satisfaction. For both question 1 (satisfaction regarding procedure and stay at daycare unit) and question 2 (recommendation of procedure to friends/relatives), the majority of women responded positively or very positively. For question 1, the proportion of positive and very positive responses was 92 % (34 %+58 %), and for question 2, the proportion was 87 % (25 %+62 %). Table 2 is a synthesis of our findings on prognostic factors for the outcome of the fgEA. It turns out that only one of these is statistically significant: age at time of the fgEA (p=0.0004 for mean age at time of fgEA and p=0.0433 for comparison pre-versus perimenopausal age). No significant difference was seen for associated dysmenorrhea (p=0.0921), history of cesarean section (p=0.9654), or duration of preoperative blood loss (p=0.9935). Neither did there appear to be a significant difference in outcome when comparing parous versus nulliparous women (p=0.7828) or comparing patients with or without a history of tubal ligation sterilization (p=0.9084). Table 1 shows that hormonal oral medication is still the first approach to the problem of PDB, followed by LNGIUS and dilatation/curettage. In the case of recurrence after fgEA, the most commonly chosen option is hysterectomy (partly explained by the fact that in most cases, the majority of conservative approaches have already been tried), followed by hormonal medication and LNGIUS. A consequence of radical ablation is impaired fertility or even total infertility. This explains why the procedure is only performed in those patients who do not plan to have (more) children in the future. Therefore, the mean age at fgEA is 43.81±5.15 years.
Conclusions
The most common methods of contraception after the fgEA (Fig. 2) were a vasectomy, tubal ligation sterilization, and the use of condoms. A significant proportion of patients no longer used contraception, typically those of an advanced age, because they assumed no longer to be fertile. Others were not sexually active.
We defined amenorrhea as cessation of blood loss starting from 3 months postprocedure instead of immediately after the fgEA. The reason for this is that in the first postoperative period, the healing reaction itself typically causes blood loss. There is also the possible expulsion of some retained resected tissue that could not be removed during the operation. We tried to quantify the amount of blood loss pre-versus postprocedure. However, since the operation had been performed at least 2 years before the time of our interviews, we found that patients were unable to recall exact details. This is why we used the simple approach of a postoperative amenorrhea versus no amenorrhea rate. Figure 3 shows a very high satisfaction rate with respect to the procedure itself. Patients were highly motivated to recommend the procedure to others (Fig. 4) .
The statistical analysis of prognostic factors in Table 2 shows that associated dysmenorrhea has a tendency to be a negative prognostic factor for the outcome. We notice a higher likelihood of a patient requiring extra therapy after the fgEA and a higher rate of post-fgEA hysterectomies. The same is true for a younger age at the time of the fgEA. It could be that the associated dysmenorrhea itself, regardless of the PDB, is sometimes the real indication for therapy afterwards. Concerning the differences based on age, one would expect that older patients would have a better long-term outcome, since some of them reach menopause in the first years after the fgEA.
A limitation of this study is its retrospective nature, restricting the possibility of examining additional possible prognostic factors, such as body mass index and hemoglobin. Another shortcoming of the retrospective approach is the difficulty some patients experience in recalling the details relevant to answering our questionnaire. This is why a quantification of pre-versus postoperative blood loss was impossible. This could be an interesting prognostic factor to examine in prospective studies.
We conclude that the fgEA technique is very effective in the treatment of PDB, particularly for perimenopausal patients. The results show a high satisfaction rate, a high percentage of postoperative amenorrhea, and a low number of hysterectomies required afterwards. Given these findings, the added value of less invasive (first-generation) endometrial ablation techniques should be reconsidered.
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